We will consider variational iteration method VIM and Padé approximant, for finding analytical solutions of the Glauert-jet self-similar wall jet over an impermeable, resting plane surface problem. The solutions are compared with the exact solution. The results illustrate that VIM is an attractive method in solving the systems of nonlinear equations. It is predicted that VIM can have a found wide application in engineering problems.
Introduction
Nonlinear phenomena play a crucial role in applied mathematics and physics. We know that most of engineering problems are nonlinear, and it is difficult to solve them analytically. Various powerful mathematical methods have been proposed for obtaining exact and approximate analytic solutions.
The VIM was first proposed by He 1, 2 systematically illustrated in 1999 3 , and used to give approximate solutions of the problem of seepage flow in porous media with fractional derivatives. The VIM is useful to obtain exact and approximate solutions of linear and nonlinear differential equations. In this method, general Lagrange multipliers are introduced to construct correction functionals for the problems. The multipliers can be identified optimally via the variational theory. There is no need of linearization or discretization, and large computational work and round-off errors are avoided. It has been used to solve effectively, easily, and accurately a large class of nonlinear problems with approximation 4, 5 . It was shown by many authors 6-16 that this method is more powerful than existing techniques such as the Adomian method 17, 18 . He et al. 19 proposed three standard variational iteration algorithms for solving differential equations, integrodifferential equations, fractional differential equations, differential-difference equations, and fractional/fractal differential-difference equations. The algorithm used in this paper belongs to the variational iteration algorithm-I according to 19 . Recently Herisanu and Marinca 20 suggested an optimal variational iteration algorithm using the variational iteration method for nonlinear oscillator. Ismail 
where ψ x, y is the stream function. The system deals with the following impermeability, no-slip, and asymptotic conditions:
The self-similar part f t satisfies the ordinary differential equation
along with the boundary conditions
The Glauert-jet solution corresponds to the normalisation f ∞ 1 of the stream function. It leads to the well-known implicit form of the analytical solution of the problem 1.4 and 1.5 found by Glauert 23
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The downstream velocity profile f t of the Glauert-jet solution is
with the skin friction f 0 2 9 . 1.8
Basic Concepts of VIM
To illustrate the basic concepts of VIM, we consider the following differential equation:
where L, N, and g t are the linear operator, the nonlinear operator, and a heterogeneous term, respectively. The variational iteration method was proposed by He where a correction functional for 2.1 can be written as
It is obvious that the successive approximations, u j , j ≥ 0 can be established by determining λ, a general Lagrangian multiplier, which can be identified optimally via the variational theory. The function u n is a restricted variation which means δ u n 0. Therefore, we first determine the Lagrange multiplier λ that will be identified optimally via integration by parts. The successive approximations u n 1 t , n ≥ 0 of the solution u t will be readily obtained upon using the obtained Lagrange multiplier and by using any selective function u 0 . With λ determined, then several approximations u j t , j ≥ 0, follow immediately. Consequently, the exact solution may be obtained by using
2.3
Analytical Solution
In order to obtain VIM solution of 1.4 , we construct a correction functional which reads
where λ is the general Lagrangian multiplier which is to be determined later and f n τ is considered as a restricted variation, that is, δ f n τ 0.
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Its stationary conditions can be obtained as follows:
The Lagrange multiplier can be identified as
As a result, the following variational iteration formula can be obtained
Now we must start with an arbitrary initial approximation. Therefore according to 1.5 and 1.8 , it is straight-forward to choose an initial guess
Using the above variational formula 3.4 , we have
Substituting 3.5 into 3.6 , we have
By the same way, we can obtain f 2 t , f 3 t , . . . . After obtaining the result of 7th iteration, we will apply the padé approximation using symbolic software such as Mathematica; we have the following: 3.8
Therefore, we are able to give an approximate solution of the considered problem. 
Discussion
In this paper, VIM and Padé approximants are used to find approximate solutions of the famous Glauert-jet problem. The problem of fluid jet along an impermeable, resting wall surrounded by fluid of the same type at rest has been considered. The closed-form solution of the corresponding boundary layer equations 1.6 was given by Glauert 23 , known as the plane wall jet, e-jet, or the exponentially decaying wall jet 25 .
The VIM-Padé solution of f t has been compared with the exact solution in Figure 1 . Table 1 demonstrates the values of absolute error between VIM-Padé solution and the exact solution for different values of t. In order to give a comprehensive approach of the problem, the derivative of the VIM-Padé solution 3.8 graph is given as well as the exact downstream velocity profile 1.7 graph, as shown in Figure 2 . Table 2 demonstrates the values of absolute error between the derivative of the VIM-Padé solution 3.8 and the exact derivative solution 
